Proper provision of sanitation in emergencies is considered a life-saving intervention. Without access to sanitation, refugees at emergency camps are at a high risk of contracting diseases. Even the most knowledgeable relief agencies have experienced difficulties providing sanitation alternatives in such challenging scenarios. This study developed a computer-based decision support system (DSS) to plan a sanitation response in emergencies. The sanitation alternatives suggested by the DSS are based on a sanitation chain concept that considers different steps in the faecal sludge management, from the toilet or latrine to the safe disposal of faecal matters. The DSS first screens individual sanitation technologies using the user"s given input. Remaining sanitation options are then built into a feasible sanitation chain. Subsequently, each technology in the chain is evaluated on a scoring system. Different sanitation chains can later be ranked based on the total evaluation scores. The DSS addresses several deficiencies encountered in the provision of sanitation in emergencies including: the application of standard practices and intuition, the omission of site specific conditions, the limited knowledge exhibited by emergency planners, and the provision of sanitation focused exclusively on the collection step (i.e., just the provision of toilets).
Introduction
This study describes a computer-based decision support system (DSS) developed for selecting the most suitable sanitation alternative for emergency situations. The sanitation alternatives suggested by the DSS were defined considering a sanitation chain approach (that is, each sanitation alternative includes excreta disposal, collection, conveyance, treatment, and final disposal or reuse). The computer-based DSS will contribute to ensuring a sustainably operated and maintained sanitation response in emergencies.
Natural and anthropological disasters may lead to the displacement of large numbers of people into temporary settlements or camps. The temporary camps are often overcrowded and contain rudimentary shelters, inadequate safe water and sanitation provision, and a high potential exposure of people (camp residents) to disease vectors. The majority of diseases causing mortality and morbidity in displacement camps (e.g., cholera, diarrhoea, worms, skin irritation, and eye-irritation, among others) have a strong correlation with the state of the sanitation provision at the camps. Without a proper sanitation provision, people living in the displacement camps are at a high risk of contracting diseases.
The word "sanitation", as well as "environmental sanitation" could be broadly defined to 2 refer to maintenance hygienic state of certain living environments. This translates into range of activities such as human excreta disposal, household wastewater disposal, vector control as well as solid waste management. However, in the context of emergency where the humanitarian aim is to meet basic sanitation and where the major concern is disease preventions, the word "sanitation" is considered to have the strongest ties with human excreta disposal and management. Thus for this reason, this study discusses "sanitation" as excreta disposal management. The emergency sanitation provision at the emergency camps is predominantly decided by the site planners, which are the corresponding relief agencies together with the local governmental authorities. Due to the many constraints present in an emergency situation, the most commonly selected sanitation alternative has been the simplest possible alternative, limited to onsite decentralized systems, with excavated latrines such as pit latrines or trench latrines being the most popular choice. These basic sanitation alternatives often fail exacerbating even more the problems already encountered in an emergency setting. Failures are due to unstable soils, high water tables, flood-prone areas, locations in which it is not possible to excavate (due to rocky ground conditions, space limitation, and/or land ownership), among others. Such complex emergency scenarios require the provision of sanitation alternatives beyond the old fashioned and problematic latrine, so there is a current need to innovate in the provision of sanitation services considering the complexity commonly observed in emergency situations (Johannessen et al., 2012) .
After a massive earthquake which caused catastrophic damages in Haiti in 2010, several sanitation alternatives were evaluated, including biodegradable bags (such as peepoo-bags), biogas domes, composting latrines, urine-diversion technologies, raised latrines, several prefabricated latrines (using diverse materials), and pit lining alternatives to overcome problems of collapsing pits. The majority of these systems were modifications of existing technologies developed for a non-emergency context; however, these alternatives still added some novelty to the field. The performance of these sanitation alternatives was not as satisfactory as expected. As an example, even though the raised latrines were generally well accepted as the best solution for many emergency settlements in Haiti (considering it was impossible to dig pits for latrines), some problems were encountered with this system. The raised latrines were availed and initially maintained by the relief agencies present in Haiti. They required periodical tank emptying to sustain their operation. Once the relief agencies in charge ran out of budget, the latrines were abandoned without a proper closure strategy plan in place (Manilla Arroyo, 2014) . Several over-spilling latrines were observed. At the time of the cholera outbreak this issue was clearly a major concern. Therefore, the incorporation of sanitation alternatives in an emergency setting without foreseeing the management plan may not result in a sustainable sanitation provision.
The constraints of time and resources placed on the site planners during the planning of the sanitation provision during an emergency situation usually may lead to the use of standard remedies and not optimum solutions (Fenner et al., 2007) . The lessons learned from previous emergencies situations are not well communicated. That is, the knowledge is kept within the particular relief agencies and/or local authorities. Therefore, site planners often have limited knowledge on the variety of possible sanitation technologies that can be provided leading to unawareness regarding the best possible solution (Mara et al., 2007) .
1.1.Sanitation Chain Concept
The sanitation provision should be perceived beyond the provision of just toilets or latrines (Sparkman, 2012; Verhagen and Ryan, 2008) , aiming at achieving an overall improvement on public health. The provision of toilets or latrines should be the first step of a series of 3 steps/processes involved in the provision of a complete and solid sanitation alternative. These series of steps are commonly known as the sanitation chain. An interpretation of the sanitation chain concept is described in Figure 1 . A sanitation chain consists of several individual sanitation processes introduced in a logical order. A sanitation chain includes the following individual processes: (i) processes for excreta disposal and collection from the user-interface (production and capture on Figure 1 ); (ii) processes for excreta conveyance (collection & transport in Figure 1) ; and (iii) processes for treatment until final disposal or reuse (treatment or disposal and reuse in Figure 1 ). Solid waste management is not included in this definition. The sanitation chain as a concept is actually embedded in any sanitation system whether it is off-site (centralised) or on-site (decentralised). However, the actualisation of the concept is more pronounced on the off-site systems rather than on the on-site systems. Off-site systems usually consist of a sequence of several individual sanitation processes where each individual process (representing a step of the sanitation chain) is carried out by a separate sanitation technology. However, on-site systems usually combine several sanitation processes (steps of the sanitation chain) in a single sanitation technology. An example of an on-site system is the simple pit latrine. In a pit latrine (single sanitation technology), the faecal sludge is retained in the pit representing the collection step of the sanitation chain. When no conveyance step is incorporated, the treatment step (i.e., bacterial decomposition) also takes place at the same single sanitation technology (at the collection pit of the pit latrine). The disposal step may also take place at the same single sanitation technology (that is, when the pit is covered once it is totally full). Pit latrines systems perform several steps of the sanitation chain in a single sanitation technology. The incorporation of the sanitation chain concept (or the broader terminology "sanitation value chain") in the literature discussing sanitation systems is fairly recent (e.g., Tilley et al. (2008) ; Maurer et al. (2012); van Dijk (2012) ). 
1.2.Review of Available Sanitation Decision Support System
A decision-making support tool is defined as a product that combines information on a user´s given situation with information on available technologies and approaches helping the practitioners to select the best available technology or approach (Palaniappan et al., 2008 ). An accurate DSS will contribute to tackling several of the deficiencies currently observed in the provision of sanitation services in emergencies including: (i) the application of standard practices and intuition from the relief planners in the selection of a particular sanitation option, (ii) the omission of the complex scenarios commonly found in emergency settings, (iii) limited knowledge shown by site planners, and (iv) the misconception that sanitation provision can be achieved by just providing toilets without considering the provision of a whole sanitation chain.
Various support tools have been developed to assist with the selection of the most appropriate sanitation options. SANCHIS (Buuren, 2010) recommended the use of a 4 participatory multi-criteria analysis (MCA) to select the most appropriate technology for sustainable drainage and sanitation systems. An exhaustive list of selection criteria for used in MCA for basic sanitation was proposed by Garfi and Ferrer-Marti (2011) . Similarly, Katukiza et al., (2010) combined the use of expert opinions with a participatory processes to select most suitable sanitation options in urban slum settings. Tilley et al., (2010) described and classified different sanitation technologies to facilitate an educated decision-making sanitation provision process. All of these support systems were developed for non-emergency settings; that is, the complex scenarios commonly introduced by emergency situations were not considered.
Computer programs have been developed in an attempt to facilitate the complex decision-making process for the selection of the most appropriate sanitation option. Some of these computer programs include WAWTTAR (Finney and Gerheart, 1998) , SANEX™ (Loetscher and Keller, 2002) , and SETNAWWAT (Sah et al., 2010) . All of them were designed to be applied in a development (non-emergency) context; therefore, they will not be that accurate when dealing with emergency scenarios.
Some DSS were indeed developed considering the emergency context. They are presented in the form of standard document (e.g., SPHERE standard (Sphere, 2004) ), technical briefs (e.g., Reed (2010) ), technical books (e.g., Harvey et al. (2007); Wisner (2002); and Burnham et al.(2004) ), decision trees (e.g., Fenner et al. (2007) ; Reed (2010) ; and UNHCR (1999)), and matrices. Most of these decision support tools do not incorporate key aspects when dealing with the provision of sanitation services in emergencies such as universality, inclusion of the latest developments on technologies, and user-friendly interfaces. In addition, none of these DSS are offered in a computer program format. Akvo-WASTE Netherlands (Akvo.org and WASTE, 2012; Castellano et al., 2011) has recently expanded an online tool that provides users with some specific selection criteria including a preliminary description of sanitation technologies considering the emergency situation context. Even though this tool incorporates computer programming and the emergency context considerations, the tool cannot be considered as a complete DSS at its current stage.
Therefore, there is a need for developing an emergency sanitation DSS in the form of a computer program considering the complex scenarios commonly found in emergency settings. In addition, an accurate DSS should incorporate the provision of a sanitation chain rather than a single sanitation technology. It should serve as an interactive, practical, as well as userfriendly decision-making tool facilitating the selection of the best sanitation option considering the emergency context. These issues were explored in this study leading to a DSS tool described in this paper.
Methodology
This research was conducted in the following phases: (i) selection of sanitation technologies to be included in the emergency sanitation DSS; (ii) definition of criteria and selection processes; (iii) development of the DSS conceptual framework; and (iv) computer programming.
2.1.Selection of sanitation technologies to be included in the emergency sanitation DSS
The sanitation technologies included in the selection process are proven technologies that have been used in previous emergencies, or technologies that have a potential to be used in future emergencies. The selected technologies are further classified considering the steps of the sanitation chain concept previously described and presented in Figure 1 . A specific sanitation chain was defined for this study consisting of the following steps: (i) user interface,
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(ii) collection, (iii) conveyance, (iv) semi-centralized 1, (v) semi-centralized 2, and (vi) disposal/reuse. The classification of the individual sanitation technologies in the different steps of the sanitation chain are presented in Table 1 . The technology definitions are mostly based on the Compendium of Sanitation Systems and Technologies by Tilley et al. (2014) , but certain technologies descriptions that were not included in the compendium are taken from other sources, being mainly reports from relief agencies.
2.2.Definition of criteria and selection processes
Various criteria that affect the selection of sanitation technologies were defined. These criteria are technology-specific, site-specific, and socio-culture-specific. Furthermore, the criteria were classified based on how they interfere in the selection process. There are some criteria that eliminate sanitation technologies when the conditions set by the criteria are not met (screening criteria). Other criteria evaluate the suitability of the sanitation technologies to the given scenario (evaluation criteria) by assigning a certain score to each sanitation technology for each defined criterion.
Not all the sanitation technology options at each step of the sanitation chain are compatible. Therefore, additional considerations were incorporated to determine whether a sanitation technology in a particular step of the sanitation chain could work in combination with the sanitation technologies proposed for the rest of the sanitation chain. The compatibility of each sanitation option was then mapped in a matrix specially designed for evaluating compatibility issues of the different sanitation technologies. The compatibility of one sanitation option to another is assessed and given binary value to express whether the pair is compatible or not. The values were based on information obtained from the literature, as well as from the authors" own interpretation.
2.3.Development of the DSS conceptual framework
The information flow for the developed DSS is described in Figure 2 . All the sanitation options go first through an initial screening process. The screening process evaluates all the sanitation options considering the predefined screening criteria and incorporating all the inputs introduced by the users. The screening process results in all the feasible sanitation options for a particular emergency scenario. The users would then be asked to build a sanitation chain combining the feasible options. The sanitation chain would further be evaluated using the subsequent evaluation criteria (incorporating again the users" inputs) resulting in the most suitable sanitation option (in the form of a sanitation chain) for a particular emergency scenario. The evaluation stage is particularly useful for the users to be able to identify the potential advantages and limitations of their chosen sanitation options. The evaluation stage requires the users to score each option to provide basis of quantifying the quality of each option that the users can compare them with other options . 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 
2.4.Computer programming
The computer-based DSS was developed using Visual Basic for Applications (VBA) Version 6 in Microsoft Office Excel 2007 (32-bit version). The software is user-friendly, so the DSS can be executed without the need for specific training. The DSS was designed to operate off-line, so it can be applied without the need of being connected to the internet. The DSS programme will be downloadable on-line from a specific website.
Results and Discussion
The results section of this study presents the computer-based DSS. First the selected suitable sanitation technologies included in the DSS are described. Each selected technology is further classified following the specific components of the sanitation chain. Next, the factors influencing the suitability of all the potential sanitation technologies in the decision-making process are identified; they are presented as selection criteria (either screening, or evaluation criteria). Subsequently, the logic followed for conducting the screening and evaluation stages is presented. Finally, the computer-based DSS is evaluated comparing the DSS recommendations with the sanitation provision observed in Haiti after the earthquake in 2010.
3.1.Selection of sanitation technologies included in the emergency sanitation DSS
The sanitation technologies further classified in the single components of the sanitation chain are presented in Table 1. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 To promote a better understanding of the different sanitation technologies, each option is linked to a pop-up window in the computer program DSS containing brief information of the technology as shown in Figure 3 . The information includes a general basic description of the technology, advantages, limitations, the applicability of this technology in an emergency situation, and its classification in the sanitation chain. The technology descriptions were taken from the sanitation technology descriptions presented in the Compendium by Tilley et al. (2014) . The information provided in these descriptions may also assist the users to provide a more precise score to each particular technology during the 8 evaluation criteria stage (as described later in this section). 
3.2.Screening and Evaluation

Screening and Evaluation Criteria
The factors (criteria) influencing the suitability of the sanitation technologies in the decision-making process were identified and classified as either screening or evaluation criteria as shown in Table 2 . Site, technology, and/or socio-cultural related aspects were considered when selecting each individual criterion 
Screening stage
At the screening stage, the 13 screening criteria previously defined and presented in Table  2 are incorporated in the form of questions as described in Figure 4 . Multiple choice options are provided for each question in the form. The user needs to select an answer for each of the questions based on the local situation information or given scenarios at the emergency site. All the choices have a significant impact on the subsequent selected (or discarded) sanitation technologies; that is, each answer discards one or more sanitation technologies which are not suitable under the given conditions or given scenarios. All the sanitation technology options (both the suitable and unsuitable) are presented in the computer program as an Excel spreadsheet as observed on the right hand side of Figure 5 . As observed in Figure 5 , the individual steps of the sanitation chain are organized in six sequential columns, and the different individual sanitation technologies are introduced under each individual step of the sanitation chain (column) considering their classification as shown in Table 2. The unsuitable 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 10 options as a result of the screening process are dark red highlighted. The discarded as well as the remaining sanitation technologies after the screening process are presented in Figure 5 , although for visual clarity reasons, the screen capture only shows a fraction of the entire spreadsheet. As an example, if the option "No" is selected on the Question #2 "Water availability to flush" on the screening criteria form shown in Figure 4 (and also at the left hand side on Figure 5 ), this selection discards the "Pour Flush" option at the user interface step of the sanitation chain (first column and third row on Figure 5 ). Subsequently, at the collection step of the sanitation chain (second column on Figure 5 ) sanitation technologies such as "Septic Tank", "Aerobic Filtration (AF)", "Anaerobic Baffled Reactor (ABR)", "Aqua Privy" and "Urine Diversion Toilet" (not shown in Figure 5 ) are all discarded since all of them use pour-flush interfaces. In addition, the "Sewerage" option in the "Conveyance" step of the sanitation chain (third column on Figure 5 ) is also discarded since a sewer does not function without water. The complete list of discarded option in relation to one user input when answering each screening criteria can be observed in Table 3 . 
Chain Compatibility
After the screening process is finalized, a feasible sanitation chain needs to be selected by choosing one of the remaining (available) sanitation technology options for each step (column) of the sanitation chain. Once a sanitation technology option is chosen (for each step, regardless the order), the computer program runs a compatibility verification test using preloaded information in the form of a compatibility matrix. The computer program automatically discards any incompatible options in response to selection of an option.
The compatibility matrix is built based on the feasible combination of sanitation technologies for a defined sanitation chain. The compatibility is assessed considering how each sanitation option from a specific step of the sanitation chain affects the selection of other sanitation options from other steps of the sanitation chain. As an example, (as shown in Figure 6 ) if the sanitation option "biodegradable bags" is selected in the collection step of the sanitation chain, automatically the computer program determines the compatible sanitation options for the other steps of the sanitation chain and discards all the sanitation options that are not feasible. That is, it would be feasible to have a biodegradable bag option at the collection step of the sanitation chain without the need of having a collection system at the conveyance step of the sanitation chain (first option shown at the very top of Figure 6 ). Consequently, this option leads to an on-site disposal (i.e., bury on-site). Analyzing the second example provided at the bottom of Figure 6 (raised latrines), it is observed that when the sanitation option "raised latrines" is selected at the collection step of the sanitation chain, a 13 collection system (or a tank-emptying option) needs to be incorporated in the conveyance step of the sanitation chain to make the entire chain feasible. The feasible sanitation chain pathways for all the listed sanitation technologies were determined in flow charts similar to the one presented in Figure 6 . All the feasible sanitation chain pathways for each single sanitation technology were translated into a binary coded matrix, used as input to the DSS program. When a certain sanitation technology is selected, the computer program automatically verifies the compatibility using that binary code matrix. Subsequently, the computer program discards all the incompatible options. Figure 7 shows a screen capture of the computer program (Excel spreadsheet) after the screening and the chain compatibility verification processes are completed. The options that were discarded as a consequence of the screening process are dark red highlighted, while incompatible options (after going through the compatibility verification process) are light red highlighted. The highlighted sanitation options can no longer be selected. Figure 7 shows a continuation of the same example started when describing the screening stage. For that example, due to the unavailability of water (decided at the screening phase), the "Pour Flush" sanitation option was excluded (dark red highlighted) at the user interface step of the sanitation chain. Subsequently, if the "Biodegradable Bag" sanitation technology is selected at the "Collection" step of the sanitation chain (second column of Figure 7 ), the rest of the sanitation technologies under the same step "Collection" of the sanitation chain are discarded (light red highlighted). In addition, other incompatible sanitation technologies such as the 14 "Urine Diversion" at the step "User Interface" of the sanitation chain, as well as the "Motorised Emptying-" sanitation technology at the "Conveyance" step of the sanitation chain are discarded (light red highlighted). Afterwards, the selection of the sanitation alternatives can be finalized by selecting the remaining sanitation technologies for the rest of the steps (columns) of the sanitation chain. Selected sanitation chains consisting of six different individual sanitation technologies can be created as shown in Figure 8 below.
Different chains can be implemented at the same site should they compliment and serve different waste stream or different group of users. For example the DSS users might decide to use UD system, thus need to plan for different conveyance-treatment and disposal of urine and excreta. They might also decide to provide a biodegradable-bags-system to serve the elderly and people with special need that reside in parts of one emergency settlement 15 
Evaluation stage
The selected sanitation chain can be then evaluated by applying predefined evaluation criteria. As previously described in Table 2 , the evaluation criteria are grouped into three categories i.e. deploy-ability, sustainability, and economical and environmental benefit. At this evaluation step each single sanitation technology describing the selected sanitation chain needs to be scored. The scoring system ranges from "0" to "5" indicating how well each specific sanitation technology meets the predefined criteria. A complete description with the scoring criteria is presented in Table 4 . The DSS calculates the final (total) score for each evaluated sanitation chain.
The grouping of evaluation criteria into three categories is attributed to the many contributing factors in evaluating one sanitation technology. These factors often share the same objectives that they can be grouped into one criterion. The grouping of these aspects would enhance the practicality where there would not be too many criteria to be scored individually. Thus it maintains the DSS" aim of being user-friendly, where the users" are given sufficient dose of scoring responsibility. Figure 9 shows two scoring examples (scoring capture screens on the computer based DSS) applied to the sanitation chain described in Figure 8 (top of Figure 9 ), as well as to the sanitation chain example with the raised latrine component described in Figure 6 (bottom of Figure 9 ). Some conflicting issues may arise when scoring the sanitation technologies of the chain as follows. As an example, three main aspects need to be simultaneously considered (as described in Table 4 ) when scoring the "Deployability" evaluation criterion including time, the use of local material, and the need for special equipment and technical skills. Some contradictory information for the same sanitation technology may add complexity to the scoring process. For instance, a certain sanitation technology may be deployable in a long period of time (low score), uses mostly local material (high score), and has a low requirement on equipment and technical skills (high score); therefore, priority should be given to the particular aspect that influences the selection the most. That is, for this particular example either the time, or the usage of local material, or the requirement of equipment and technical skill needs to be prioritized. The priority needs to be consistent throughout other options when scoring the same category, also when scoring the next sets of sanitation chains, so that the scores are all comparable. The results of every single selected and evaluated sanitation chain can be saved, and the complete evaluation process can be restarted from the very beginning selecting a completely different and new sanitation chain. After evaluating all desired sanitation chains, a final report can be generated. The final report compares all the selected sanitation chains (including their final scores) as shown in Figure 10 . Up to 20 different sanitation chains can be compared in the same report.
The final report shown in Figure 10 compares two feasible sanitation chains as previously discussed. One chain is provided with a biodegradable-bag at the collection step of the sanitation chain, while the other chain is provided with a raised latrines system. The computer-based DSS concluded that first sanitation chain (biodegradable bag) does not require a toilet structure; that is, no user interface is needed. The used bags can be collected using manual collection and transportation, and can be disposed in selected disposal sites without the need for treatment. The second sanitation chain (raised latrines) is provided with a urine-diversion user interface dividing the waste streams into urine and excreta. The excreta (collected in a collection tank) can be regularly emptied using manual emptying and transportation equipment. Then, the collected excreta can be composted at a composting facility, and the resulting product can be used as a fertilizer. The final score obtained for the biodegradable-bag and for the raised-latrine chains was of 58 and 63, respectively. That is, the raised-latrine chain can be considered a better sanitation alternative than the biodegradable 18 bag chain. For this particular examples (referring back to the evaluation scores described in Figure 9 ), the raised latrines chain alternative scored much higher on the "Sustainability" evaluation criteria (mainly due to the composting and reuse of the excreta as a fertilizer). The evaluation stage is subject to the DSS user consideration towards certain technologies. The score for one technology may significantly differ when scored by different users. Nevertheless, the provision of both a clear description of the evaluation criteria, as well as a scoring guidance may help users to score the different technologies as accurately as possible. In addition, it is recommended to conduct collective scoring by a team, rather than by individuals to achieve a more objective and proportional scoring.
The final report is the output of the DSS. The final report aims at comparing the advantages and limitations of potential sanitation alternatives by means of quantifying the advantages and limitations with certain scoring system. This comparison may provide users with an elaborated and systematic approach to select the most suitable sanitation alternatives to the given scenarios.
3.3.Preliminary system validation
In order to verify the applicability of the developed DSS, the program was applied to evaluate the sanitation provision in Haiti after the emergency situation caused by the massive earthquake in 2010. Information for identifying local or site specific conditions was taken from several reports and papers (Bastable and Lamb, 2012; Patel et al., 2011; Reed, 2010) . The identified site-specific constraints in Haiti include unavailability of space for latrines at the displacement settlements, limited space for treatment and disposal, non possibility to excavate, and no availability of water to flush.
The site-specific conditions at the emergency situation were introduced at the screening stage of the DSS. The screening stage discarded several unsuitable sanitation technologies; the following sanitation technologies were found suitable: (i) no user interface, drop hole, and urine diversion (at the "User Interface" step of the sanitation chain); (ii) biodegradable-bags/bucket latrines, porta-preta, floating latrines, raised latrines, and chemical toilets (at the "Collection" step); (iii) all the sanitation technologies options except Sewerage (at the "Conveyance" step); (iv) No Treatment, Co-composting, and planted and unplanted drying beds (at the "Semi Centralized Treatment 1" step); (v) only the No Treatment option (at the "Semi Centralized Treatment 2 step"); and (vi) Sludge Fertilizer and Surface Disposal (at the "Disposal and Reuse" step).
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The DSS was able to narrow down all the available sanitation technologies suggesting suitable sanitation options considering the specific emergency scenario. As previously discussed in the Introduction Section, all the screened sanitation technologies were actually in use in the Haiti emergency. Therefore, the DSS yields similar results regarding potential sanitation technologies that can be applied compared to those actually applied by the relief agencies at the emergency site. However, the DSS goes one step further by both suggesting a sanitation chain rather than a single sanitation technology, and by also evaluating and ranking (by scoring all the sanitation technologies in a chain) the feasible resulting sanitation chains.
After the screening stage is finalized several sanitation chains can be proposed. For this particular case, since the relief agencies do not normally want to deal with the maintenance of sanitation facilities, the sanitation technology "No Emptying & Collection" at the "Conveyance" step of the sanitation chain was initially selected. However, the compatibility verification test discarded all the possible sanitation options at the "Disposal and Reuse" step of the sanitation chain, yielding no feasible sanitation chains as observed in Figure 11 . Therefore, another option was needed to be selected including a different sanitation technology at the "Conveyance" step of the sanitation chain; that is, it would not be possible to skip some sort of maintenance of the collection facilities by the relief agencies. Subsequently, the "Human-powered emptying & collection" sanitation technology was selected at the "Conveyance" step of the sanitation chain. After the program ran the 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 20 compatibility verification test, the rest of the feasible options for the sanitation chain were selected. The selected sanitation chain was identical to the sanitation chain presented in Figure 8 (i.e., the sanitation chain with the biodegradable-bags sanitation technology at the "Collection" step of the sanitation chain). This chain was already evaluated as shown in Figure 9 , and presented in the final evaluation report in Figure 10 .
The DSS indeed went one step further than the relief agencies decision at the emergency site, and provided an entire sanitation chain consisting of several compatible sanitation technologies properly evaluated. One of the key design features of the present DSS is the consideration of the entire sanitation chain for the sanitation services to be provided and not just the provision of toilets (collection step of the chain). As was discussed in the introduction of this study, one of the main critical issues with the sanitation technologies provided at the emergency situation in Haiti by the relief agencies was not considering any "Conveyance" and/or "Disposal and Re-use" technologies for the sanitation services provided at the camps. These issues are properly considered by the developed DSS.
Conclusions
The following conclusions can be drawn from this study:
 A computer-based decision support system (DSS) is a useful tool for selecting suitable sanitation alternatives to be provided in the realm of emergencies when an accurate decision has to be made in the shortest possible time.
 The development of a DSS as a computer program incorporating the sanitation chain approach provides several advantages from the users" point of view compared to previously developed DSSs.
 The developed computer-based DSS addresses several deficiencies commonly encountered in existing DSS such as the application of standard practices and intuition, the consideration of the local conditions commonly found in emergency settings, the limited knowledge exhibited by emergency planners, and the consideration that a proper sanitation provision should exceed the provision of only a collection technology (that is, beyond the provision of toilets).
 The DSS can be easily run providing up to 20 feasible sanitation options ranked in a logical order (from the most suitable to the least suitable) in a short period of time.
 The DSS is designed as a flexible program that can easily be modified. That is, more or different sanitation technologies can be added, the compatibility matrix can be modified to satisfy emergency planner's special needs, and both the screening and evaluation criteria can be changed. In addition, the computer-based DSS is flexible considering that each different user can introduce his or her own inputs depending on personal evaluation of the particular situation.
 The final decision regarding the provision of the most appropriate sanitation alternative entirely depends on the user. The DSS is thought to be a resource to help on the decision-making process.
 Considering the preliminary validation on the Haiti"s past emergency situation, it can be concluded that the DSS provides realistic results. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   21 The DSS is considered a valuable tool for selecting appropriate sanitation services addressing challenging emergency sanitations. Further research is needed to completely validate this tool using data either from past or current emergencies including information related to emergency preparatory activities.
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